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® Circuit board assembly. 



© This assembly includes a circuit board (1) with 
an embedded optical fiber (4) having a local de- 
formation (6) defined by a crossing wire (7). This 
local deformation (6) comprises two bent fiber parts 



9 



(9, 10) having a common or individual optical tap (8) 
at the external surface (5) of the circuit board so that 
this tap may be coupled to an input/output device 
(11). 
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The present invention relates to a circuit board 
assembly including at least one circuit board with 
at least one embedded optical waveguide able to 
be coupled to an optical input/output device. 

Such a circuit board assembly is generally 
known in the art. It would be possible to make the 
optica! waveguide accessible through a recess in 
the circuit board and to mount the input/output 
device, e.g. an electro-optical transducer, in this 
recess together with an adjustment member allow- 
ing the transducer to be accurately aligned with the 
waveguide. However, such a solution is not fully 
satisfactory because the generally small dimen- 
sions of the recess do not allow the required align- 
ment to be performed in an easy way. 

An object of the present invention is to provide 
a circuit board assembly of the above type, but 
which allows the alignment of the waveguide and 
the input/output device to be realized in an easier 
way. 

According to the invention this object is 
achieved due to the fact that said optical 
waveguide has at least one locally bent part which 
at least reaches an upper/lower external surface of 
said circuit board. 

The optical waveguide may thus be aligned 
with an optical input/output device which is external 
to the circuit board and this is a relatively easy 
operation. 

The present invention also relates to a circuit 
board assembly with at least one circuit board with 
a least one embedded optical waveguide. This 
circuit board assembly is characterized in that said 
optical waveguide is embedded in a flexible layer 
having at least one adjacent rigid layer as well as 
an end extending beyond the edges of said rigid 
layer. 

The flexible end thus allows the optical 
waveguide embedded in the circuit board to be 
optically coupled with another optical waveguide 
even when the latter is disposed at an angle with 
respect to this circuit board. 

The above mentioned and other objects and 
features of the invention will become more appar- 
ent and the invention itself will be best understood 
by referring to the following description of embodi- 
ments taken in conjunction with the accompanying 
drawings wherein: 

Fig. 1 represents a cross section of an embodi- 
ment of a circuit board assembly 1 according to 
the invention together with an optical waveguide 
11 coupled to this board; 

Fig. 2 shows the circuit board assembly 1 of 
Fig. 1 prior to the execution of a last manufac- 
turing step; 

Figs. 3 to 5 represent cross sections of various 
other embodiments of a circuit board assembly 
1 according to the invention; 



Fig. 6 is a cross-section of a further embodiment 
of a circuit board assembly according to the 
invention; 

Fig. 7 is a top view of a still further embodiment 
5 of a circuit board assembly according to the 

invention; 

Fig. 8 is a cross-section, on an enlarged scale, 
along line VIII-VIII of Fig. 7. 
In these figures similar elements are indicated 

w by the same reference number. 

The circuit board assembly which is generally 
indicated by reference numeral 1 in Fig. 1 com- 
prises a lower layer 2 and an upper layer 3 which 
are both made of an epoxy, as well as an optical 

75 fiber 4 embedded in the upper layer 3 which has 
an upper surface 5. The optical fiber 4 is length- 
wise supported by the lower layer 2 over the major 
part of its length except for a portion 6 which is 
locally deformed and partly rests on a transverse 

20 carrier constituted by a wire 7 also supported by 
the lower layer 2 and crossing the fiber 4 at a right 
angle. The locally deformed portion 6 comprises 
two parts 9 and 10 which are bent in the direction 
of the upper surface 5 and reach this surface 5 

25 where they have a common exposed surface or 
optical tap 8. They both form part of the same 
uninterrupted fiber 4. 

Prior to the execution of a last manufacturing 
step to obtain the assembly of Fig. 1, and as 

30 shown in Fig. 2, the locally deformed portion 6 
protrudes beyond the upper surface 5 of the layer 
3 over a distance preferably smaller than the thick- 
ness of the cladding and coating layers of the fiber 

4. As a consequence, when during this last step 
35 the locally deformed portion is ground off until it is 

level with the upper surface 5 of the layer 3 the 
optical fiber 4 is not interrupted so that light is still 
able to pass through it, but an optical tap 8 (Fig. 1) 
is formed at the upper surface 5. This optical tap 8 

40 may be optically coupled with an input/output de- 
vice such as an electro-optical transducer (not 
shown) or with an optical waveguide 1 1 to extract 
light from or inject light into the embedded fiber 4. 
In the embodiment of Fig. 3 the transverse 

45 crossing wire 7 locally carrying the optical fiber 4 
has a diameter such that prior to the last manufac- 
turing step of the assembly the local deformation 6 
protrudes beyond the upper surface 5 of the layer 
3 over a distance preferably larger than the diam- 

50 eter of the fiber 4. As a consequence, when during 
the last manufacturing step this locally deformed 
portion is ground off until it is level with the upper 
surface 5 the optical fiber 4 is interrupted so that 
light is no longer able to pass through it and that 

55 two distinct bent parts 9 and 10 are obtained, each 
with a distinct optical tap 8 at the exposed surface 

5. These optical taps 8 may each be coupled with 
an input/output device. 
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In the embodiments of Figs. 1 and 3 the slope 
of each of the bent parts 9, 10 with respect to the 
layer 2 or the general plane of the circuit board 1 
may be relatively large, especially when the diam- 
eter of the single crossing wire 7 is relatively large 
as shown in Fig. 3. In that case some danger of 
breaking the optical fiber 4 during its local de- 
formation exists. To avoid this, and as represented 
in Fig. 4, the circuit board assembly 1 shown 
therein comprises an optical fiber 4 which is sup- 
ported by a carrier constituted by a plurality of 
juxtaposed parallel crossing wires 11, 12, 7, 13 and 
14, the diameter of the wires 12, 13 being com- 
prised between those of 11, 14 and 7. Thus the 
slope of the locally bent portions 9 and 10 is less 
pronounced than in Figs. 1 and 3, thereby avoiding 
breaking of the fiber. The same result can be 
obtained by using juxtaposed parallel crossing 
wires with increasing and decreasing hardnesses or 
by combining the two techniques, i.e. by using 
crossing wires with increasing and decreasing har- 
dnesses and diameters. 

It has to be noted that the above technique, 
instead of being applied to circuit board assemblies 
with rigid layers 2 and 3, is also applicable in case 
these layers are flexible and to flexible ribbon ca- 
bles containing optical conductors. The crossing 
wires may be optical fibers but also wires of cop- 
per or any other material may be used and the 
local deformation may for instance also be ob- 
tained by leading the fiber over a transverse carrier 
of any other type than a wire. 

The circuit board assembly of Fig. 5 is an 
optical connector constituted by the combination of 
two like circuit board assemblies 1 and 1* each 
obtained by applying the teachings of Figs. 3 and 
4. Indeed, in each of 1 and V the optical fiber 4, 4' 
is supported by a plurality of juxtaposed parallel 
crossing wires 11, 12, 7, 13, 14; 1 V, 12', 7\ 13', 
14' having increasing/decreasing diameters and the 
diameters of these crossing wires are such that 
after grinding of the deformed portion of the optical 
fiber 4; 4* protruding beyond the surface 5; 5' this 
fiber is interrupted. The optical taps of the bent 
portions 9 and 9' thus realized in the circuit boards 
1 and 1' are aligned and the boards are kept 
together by mechanical means (not shown). 

Due to the fact that the above mentioned grind- 
ing operation performed during the last manufactur- 
ing step of each of the circuit boards 1 and V is 
not perfect an airgap might exist between the bent 
optical fiber part 9 and 9' int he connector of Fig. 5 
and cause unwanted light reflections. To reduce 
such reflections it may therefore be useful to inter- 
pose between these two optical fiber parts 9 and 9' 
a transparent elastic film having substantially the 
same refraction index as the optical fiber parts. 

Reference is now made to Fig. 6 which shows 



a circuit board assembly 15 comprising a bottom 
layer 16 and a top layer 17 both made of an epoxy 
as well as a flexible middle layer 18 which com- 
prises optical fibers 19 glued in between two 
5 PYRALUX (a Registered Trademark of the Du Pont 
Company) flexible laminate sublayers 20 and 21. 
The latter sublayers 20 and 21 are fixed to the 
lower and upper layers 16 and 17 respectively. 
Part 22 of the flexible layer extends beyond the 
10 layers 16 and 17 and forms a kind of ribbon cable 
which is integrated in the board. Thus the optical 
fibers, such as 19, integrated in this circuit board 
may be easily connected to optical fibers inte- 
grated in a backpanel making a substantially right 
is angle with the circuit board by using a connector 
based on the teachings of Fig. 5 For interconnec- 
ting circuit boards located at a relatively large 
distance use can be made of a flexible ribbon 
cable, already mentioned above, in which use is 
20 made of the technique described in relation to Figs. 
1 to 6. For instance, by using a ribbon cable with a 
plurality of optical taps made according to the 
technique of Fig. 1 light can be injected in or 
tapped from several locations along this cable. 
25 Also, by using the technique illustrated in Fig. 5 an 
optical connection can be made between a ribbon 
cable and a flexible extension, such as 22, of a 
board or between a ribbon cable and a rigid board. 
From the above it follows that the described 
30 teachings are applicable to rigid and flexible circuit 
boards as well as to ribbon cables which may in 
fact be considered as long and narrow flexible 
boards. For this reason the term circuit board used 
in the claims is intended to cover both circuit 
35 boards and cables. 

Instead of being located between the sublayers 
16 and 17 of the circuit board 15 the flexible layer 
18 could also be an external layer of this board. 
Also, instead of being fixed to the layers 16 and 17 
40 the flexible layer 18 of the circuit board assembly 
15 may be made detachable from these sublayers, 
at least locally. 

A top view of such a circuit board assembly 
15, but having a rectangular opening 23 in the 
45 upper layer 17 at the location where the flexible 
layer 18 is locally detachable is shown in Figs. 7 
and 8. The flexible layer 18 visible through the 
opening 23 and a portion of it may thus be de- 
tached from the bottom layer 16 and bent out of 
so the board 15 beyond the upper surface 24 thereof, 
e.g. to be connected to an optical input/output 
device. 

It has to be noted that all circuit board assem- 
blies described above may have electrical wires 
55 embedded in a way similar to the optical fibers so 
that electrical taps may be realised in the same 
way as optical taps by local deformations and/or 
the electrical wires can be brought outside the 
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circuit board embedded in a flexible layer together 
with the optical fibers. 

While the principles of the invention have been 
described above in connection with specific ap- 
paratus, it is to be clearly understood that this 
description is made only by way of example and 
not as a limitation on the scope of the invention. 

Claims 



9. Circuit board assembly according to claim 3, 
characterized in that said board (1) includes 
two said bent optical fiber parts (9, 10) forming 
part of an interrupted same optical fiber (4) 

5 and having distinct optical taps (8). 

10. Circuit board assembly according to claim 8 or 
9, characterized in that said two bent parts (9, 
10) belong to a same local deformation (6) of 

10 said same optical fiber (4). 

11. Circuit board assembly according to claim 9, 
characterized in that it includes a first (1) and a 
second (V) of said circuit boards which are so 
assembled that a bent optical fiber part (9) of 
said first board (1) is optically coupled with a 
bent optical fiber part (9*) of said second board 
(V). 



1. Circuit board assembly (1, 15) including at 
least one circuit board (1) with at least one 
embedded optical waveguide (4) able to be 
coupled to an optical input/output device (11), 
characterized in that said optical waveguide (4) 75 
has at least one locally bent part (9, 10) which 
at least reaches an upper/lower external sur- 
face (5; 24) of said circuit board (1; 15). 



2. Circuit board assembly according to claim 1, 
characterized in that said optical waveguide is 
an optical fiber (4) so that said locally bent 
optical waveguide part is a locally bent optical 
fiber part. 

3. Circuit board assembly according to claim 2, 
characterized in that said locally bent optical 
fiber part (9, 10) has an optical tap (8) at said 
external surface (5). 

4. Circuit board assembly according to claim 2, 
characterized in that said fiber (4) extends in 
lengthwise direction parallel to the general 
plane of said circuit board (1) and is crossed 
by a carrier means (7; 7, 11/14) which at least 
partly supports said locally bent optical fiber 
part (9, 10) and thereby defines the slope 
between said bent part and said general plane. 

5. Circuit board assembly according to claim 4, 
characterized in that said carrier means is con- 
stituted by at least one wire (7). 

6. Circuit board assembly according to claim 4, 
characterized in that said carrier means is con- 
stituted by a plurality of juxtaposed wires (11, 
12, 7; 7, 13, 14) with different thicknesses. 

7. Circuit board assembly according to claim 4, 
characterized in that said carrier means is con- 
stituted by a plurality of juxtaposed wires (11, 
12, 7; 7, 13, 14) with different hardnesses. 

8. Circuit board assembly according to claim 3, 
characterized in that said board (1) includes 
two bent fiber parts (9, 10) forming part of an 
uninterrupted same optical fiber (4) and having 
a common optical tap (8). 



20 12. Circuit board assembly according to claim 11, 
characterized in that it further includes a trans- 
parent elastic film interposed between said op- 
tically coupled optical fiber parts (9, 9') and 
having a refraction index substantially equal to 

25 that of said optical fiber parts. 

13. Circuit board assembly according to claim 1, 
characterized in that said locally bent part is 
constituted by a portion of a detachable flexi- 

30 ble layer (18) wherein said optical waveguide 

(4) is embedded, said portion being detached 
from an adjacent layer (16). 

14. Circuit board assembly according to claim 12, 
35 characterized in that said flexible layer portion 

extends through an opening (23) in another 
adjacent layer (17). 

15. Circuit board assembly including at least one 
40 circuit board (15) with at least one embedded 

optical waveguide (19), characterized in that 
said optical waveguide (19) is embedded in a 
flexible layer having at least one (16, 17) adja- 
cent rigid layer as well as an end (22) extend- 
45 ing beyond the edges of said rigid layer. 

Amended claims in accordance with Rule 86- 
(2) EPC. 

50 1. Circuit board assembly including at least one 
circuit board (1) with at least one embedded 
optical waveguide (4) which has at least one 
locally bent part (5) reaching at least an 
upper/lower external surface of said circuit 

55 board (1) to enable its coupling to an optical 

input/output device, characterized in that said 
waveguide (4) forms part of a detachable flexi- 
ble layer (5) a portion of which comprises said 
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bent part and is detached from an adjacent 
layer (2). 

Circuit board assembly according to claim 1 , 
characterized in that said flexible layer portion 5 
(5) extends through an opening (8) in another 
adjacent layer (3). 

Circuit board assembly including at least one 
circuit board (1) with at least one embedded io 
optical waveguide (4), characterized in that 
said optical waveguide (4) is embedded in a 
flexible layer (5) having at least one adjacent 
rigid layer (2, 3) as well as an end (10) extend- 
ing beyond the edges of said rigid layer. is 
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